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1  Introduction 

Heritage speakers—that is, speakers who have had exposure to a particular language as a child, 
but who have shifted to another language for the majority of their communication needs—have 
begun to draw attention in the field of phonological learning. Au, Jun, Knightly, and Oh have 
jointly explored the phonological competence of heritage speakers in both their subjects’ heritage 
language and main language. They find that heritage speakers of Spanish and Korean tend to have 
a phonological advantage over late learners in production of the heritage language, as indicated by 
acoustic measures such as voice onset time and by holistic perceptual measures such as accent 
ratings by native speakers (cf. Au et al., 2002; Knightly et al., 2003; Oh et al., 2002, 2003). Of the 
few studies on heritage language phonology, however, only Godson (2003) explores the neutrali-
zation of phonological categories in the heritage language, and only with respect to vowels. Her 
findings suggest that the Armenian vowels of heritage speakers of Armenian are influenced by 
their dominant language, English, but that this influence is limited to those Armenian vowels that 
are close to English vowels and does not necessarily result in the neutralization of contrast.  

The present study extends this line of inquiry to consonants by comparing fricative production 
in heritage speakers of Mandarin to that of native Mandarin speakers and native English speakers 
who have learned Mandarin as a foreign language. We focus on place contrasts among five voice-
less fricatives, in particular one between two post-alveolar Mandarin fricatives, retroflex /ʂ/ and 
alveolo-palatal /ɕ/. Figure 1 shows that in comparison to /ʂ/, the area of contact for /ɕ/ is slightly 
more forward, going right up to the incisors, as well as significantly wider, extending sideways 
onto the molars and much farther inwards onto the hard palate. This pattern of contact results in a 
smaller front cavity and narrower channel area for /ɕ/ in comparison to /ʂ/—both properties which 
affect the quality of the noise in /ɕ/ vs. /ʂ/. 
 

  
Figure 1: Palatograms of Speaker 1’s fricatives in  
/ʂa51/ ‘suddenly’ (left) and /ɕa51/ ‘below’ (right). 

 
 In addition to examining the realization of this Mandarin contrast, this study investigates 
whether heritage speakers distinguish between these post-alveolar fricatives and the post-alveolar 
fricative of their dominant language (namely, the English palato-alveolar fricative /ʃ/), as well as 
whether they distinguish between the Mandarin alveolar fricative /s/ and the English alveolar 
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fricative /s/. These are all pairs of consonants that, due to their high degree of phonetic similarity, 
stand to undergo “equivalence classification” (Flege, 1987) and thereby become indistinguishable 
from each other. Using acoustic measures of place of articulation, we thus examine both the ques-
tion of whether heritage speakers maintain consonantal contrasts in Mandarin, as well as the ques-
tion of whether they maintain contrasts between Mandarin consonants and similar English conso-
nants. 

2  Methods 

2.1  Participants 

Eighteen Mandarin speakers and learners participated in this study. Five were native Mandarin 
speakers who were born and educated in a Mandarin-speaking country; eight were heritage speak-
ers of Mandarin who either were born in or came to the U.S. before the age of 10; and five were 
native English speakers who were born and educated in the U.S. and had learned Mandarin as a 
foreign language in high school or college. Speakers were assigned to these groups, as well as 
rank-ordered within them, based on a detailed questionnaire about their language background, 
current language use, and comprehension of Mandarin in formal and informal situations. Partici-
pants ranged in age from 18 to 40 years old, and none reported any history of speech or hearing 
impairments. 

2.2  Stimuli 

Participants were presented with 62 Mandarin words and phrases and 35 English words in random 
order via individual index cards. English words were written in English orthography, and Manda-
rin words were written in Mandarin orthography (traditional or simplified characters) and romani-
zation (pinyin and/or BoPoMoFo). Critical stimuli contained one of the two Mandarin post-
alveolar fricatives, /ʂ/ and /ɕ/, or one of three other fricatives—English /ʃ/, Mandarin /s/, and Eng-
lish /s/. These fricatives appeared pre-vocalically in ten monosyllabic Mandarin words and five 
monosyllabic English words (see the appendix for a full list).  

2.3  Recording 

Recording was done in a sound-proof booth at 48 kHz and 16 bps. The equipment used was either 
a Marantz PMD660 solid-state recorder with an AKG C420 head-mounted condenser microphone, 
or an M-AUDIO MobilePre USB preamp audio interface with an AKG C520 head-mounted con-
denser microphone. Stimuli were recorded in eight blocks (four blocks of Mandarin and four 
blocks of English), resulting in a total of four tokens of each item. Blocks were grouped by lan-
guage, such that participants completed all blocks in one language before moving on to blocks in 
the other language, with the order of the languages (Mandarin-English or English-Mandarin) bal-
anced across participants. Data for English /s/ were unable to be obtained for two speakers 
(Speakers 11 and 18), while data for Mandarin /s/ were unable to be obtained for one speaker 
(Speaker 11). 

2.4  Acoustic Analysis 

All measurements were taken by hand in Praat (Boersma and Weenink, 2008). Peak amplitude 
frequency (PAF) and centroid frequency (Ladefoged, 2005) were measured over a spectrum of the 
middle 100 ms of the fricative. The transitional first (F1), second (F2), and third (F3) formants 
from the fricative to the following vowel were also measured over the first 20 ms of the vowel.  

To ensure that the measurements taken were reliable, 25% of each of the PAF, centroid, F1, 
F2, and F3 measurements were double-checked by a second researcher. Any discrepancy between 
the two researchers’ measurements in excess of 100 Hz was checked again by a third researcher, 
resulting in 19% of the total number of measurement checks being triple-checked. Final calcula-
tions of the differences between researchers’ measurements revealed an average difference of 11 
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Hz in PAF measurements (88% less than 25 Hz apart), 39 Hz in centroid measurements (39% less 
than 25 Hz apart), 18 Hz in F1 measurements (77% less than 25 Hz apart), 16 Hz in F2 measure-
ments (81% less than 25 Hz apart), and 19 Hz in F3 measurements (75% less than 25 Hz apart). If 
after a third measurement there still remained a discrepancy between different researchers’ meas-
urements of greater than 100 Hz, all of these measurements were discarded; however, this resulted 
in the disposal of less than 1% of the total number of measurements. 

3  Results 

Apart from showing /ɕ/ to be the most “palatalized,” formant transitions do not differentiate the 
fricatives very clearly, so we concentrate here on data from PAF and centroid frequency. The dif-
ferences between Mandarin and English fricatives in terms of centroid frequency are summarized 
in Table 1 (Mandarin figures averaged from Svantesson 1986, English figures from Jongman et al. 
2000).1 As seen here, the average centroid for English /s/ is slightly higher than that of Mandarin 
/s/. As for the post-alveolar fricatives, Mandarin /ɕ/ has the highest centroid, followed by English 
/ʃ/ and Mandarin /ʂ/. Thus, no two of these fricatives are the same with respect to centroid.  
 

Mandarin category Centroid  English category Centroid 
alveolar  /s/ 6006  alveolar  /s, z/ 6133 
retroflex  /ʂ/ 3585  
alveolo-palatal /ɕ/ 5381  

palato-alveolar /ʃ, ʒ/ 4229 

Table 1: Native centroid targets (in Hz) for Mandarin and English fricatives. 
 

Graphs of mean PAF and centroid for all fricatives and speakers are given in Figures 2–5 be-
low, separated by gender (Speakers 1–5 are native Mandarin speakers; 6–13, heritage speakers; 
and 14–18, late learners). 

 
Figure 2: Mean peak amplitude frequency by fricative (female speakers). 

 

                                                             
1Note that the average centroids for /s/ and /ʃ/ are likely to be slightly higher than the figures given in 

Table 1, since these are averages that include the corresponding voiced fricatives (whose centroids will be 
drawn down by the lower frequencies of f0). 
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Figure 3: Mean peak amplitude frequency by fricative (male speakers). 

 

 
Figure 4: Mean centroid frequency by fricative (female speakers). 
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Figure 5: Mean centroid frequency by fricative (male speakers). 

 
Planned comparisons using the Wilcoxon matched pairs signed-rank test reveal four main pat-

terns. First, the Mandarin post-alveolar fricatives /ʂ/ and /ɕ/ are distinguished by nearly everyone 
(cf. Table 2 below). For 17 out of 18 speakers, the difference between /ʂ/ and /ɕ/ is statistically 
significant at p < .05 with respect to PAF or centroid and, in the majority of cases, highly signifi-
cant on both measures. The one speaker who fails to distinguish these fricatives on either (Speaker 
15) is a late learner, as one might expect.2 

 
Speaker /ʂ/ vs. /ɕ/ /ɕ/ vs. /ʃ/ /ʂ/ vs. /ʃ/ Man. /s/ vs. Eng. /s/ 

1 ** (*) n.s. n.s. 
2 ** * n.s. ** 
3 ** (*) / ** 
4 ** * n.s. n.s. 
5 * * * n.s. 
6 ** * n.s. (*) 
7 / * * / 
8 ** * n.s. n.s. 
9 ** * / ** 
10 * * / / 
11 / * * -- 
12 ** * (*) / 
13 * * n.s. n.s. 
14 * * n.s. * 
15 n.s. / / ** 
16 (*) * * n.s. 
17 ** * n.s. / 
18 * * n.s. -- 

Table 2: Distinctions made between fricatives, by speaker and contrast.  
 

Speakers 1–5: native Mandarin speakers; 6–13: heritage speakers; 14–18: late learners. *: p < .05, **: p < .01 

                                                             
2Incidentally, no speakers show dialectal neutralization of Mandarin post-alveolar /ʂ/ with alveolar /s/; 

rather, they distinguish both /ʂ/ and /ɕ/ from /s/ in PAF or centroid (in fact, 16 out of the 17 speakers for 
whom data on Mandarin /s/ is available distinguish each pair of fricatives along both of these dimensions). 
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on both PAF and centroid; (*): p < .05 on PAF or centroid and approaching significance on the other; /: p 
< .05 on PAF or centroid but not significant on the other; n.s.: p significant on neither PAF nor centroid; --: 

data unavailable.  
 
Second, all speakers distinguish Mandarin /ɕ/ and English /ʃ/. For 15 speakers, including all of 

the heritage speakers, the difference between /ɕ/ and /ʃ/ is significant with respect to both PAF and 
centroid; for the other three, the difference is significant with respect to only one of these meas-
ures (though approaching significance on the other measure in two cases).  

On the other hand, only half the speaker pool distinguishes Mandarin /ʂ/ and English /ʃ/. 
While nine speakers show a significant difference between the two fricatives on PAF and/or cen-
troid, the other nine do not. However, the nine that do distinguish them are not evenly distributed 
across the three speaker groups; instead, the majority of these “distinguishers” are clustered in the 
heritage speaker group, with the result that the majority of both native Mandarin speakers and late 
Mandarin learners are not found to distinguish /ʂ/ vs. /ʃ/, whereas the majority of heritage speakers 
are. 

Finally, results for the alveolar fricatives are similar: 10 out of the 16 speakers for whom there 
is data on both Mandarin /s/ and English /s/ distinguish the two. Again these “distinguishers” are 
not evenly distributed across speaker groups, but are clustered in the heritage speaker group as 
well as the late learner group, such that the majority of native Mandarin speakers are not found to 
distinguish Mandarin /s/ vs. English /s/, while the majority of heritage speakers and late learners 
are. Note that the group that fails to distinguish the two fricatives includes only female speakers; 
all male speakers distinguish the two on one or both acoustic dimensions, the vast majority (six 
out of seven) producing Mandarin /s/ with a higher PAF and centroid frequency than English /s/. 
This result is in contrast to both the predictions of Table 1 and the results of Li et al. (2007), who 
found instead that English /s/ was produced by (presumably monolingual) English speakers with 
higher centroid values than those of Mandarin /s/ produced by (presumably monolingual) Manda-
rin speakers. 

4  Discussion and Conclusion 

To summarize, we collected productions of Mandarin and English by native speakers, heritage 
speakers, and late learners of Mandarin and found that all or almost all distinguish Mandarin /ʂ/ vs. 
/ɕ/, as well as Mandarin /ɕ/ vs. English /ʃ/. However, only about half distinguish Mandarin /ʂ/ vs. 
English /ʃ/ or Mandarin /s/ vs. English /s/, with the majority of heritage speakers falling into this 
group of “distinguishers” in both cases. These results indicate, first, that heritage speakers, in addi-
tion to most late learners, do not have much trouble with the Mandarin post-alveolar contrast. Sec-
ond, they suggest that while native speakers and late learners of Mandarin tend to merge similar 
Mandarin and English sounds, heritage speakers tend to keep them apart.  

There are two possible (though not mutually exclusive) explanations for why heritage speak-
ers seem to do better at maintaining contrast between similar sounds in two languages. First, early 
exposure to both languages might simply make heritage speakers better able to hit close, but not 
identical targets accurately. Alternatively, it may be that when similar categories are acquired 
early, they interact with each other in a shared phonological system and are dissimilated or “polar-
ized” (cf. Laeufer, 1997). Our current data cannot conclusively distinguish between these two hy-
potheses, but the fact that the size of PAF and centroid differences between categories (e.g. PAF 
of /ʂ/ – PAF of /ʃ/) is not correlated with speaker rank or group, even when speakers are separated 
by gender, suggests that the former hypothesis is probably closer to the truth. It does not appear to 
be the case that the phonetic distance between categories increases for heritage speakers in particu-
lar.  

Finally, we are careful to note that the lack of PAF or centroid differences only suggests that 
speakers are merging the articulations of different categories. One would need detailed articulatory 
data (e.g. from ultrasound) to be able to conclude definitively that the articulations have in fact 
become identical for these speakers. Furthermore, it is not clear what category the “merger” 
speakers merge towards, although it would stand to reason that they would merge in the direction 
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of their native language. 
In short, our findings reveal that not only do heritage speakers achieve better accents in the 

heritage language as found by Au and colleagues, they also appear better able to maintain 
phonological contrast, both between individual categories of the heritage language and between 
categories of the heritage language and similar categories in the dominant language. 

Appendix 

MANDARIN ENGLISH 
retroflex /ʂ/ alveolo-palatal /ɕ/ palato-alveolar /ʃ/ 
沙 /ʂa55/ ‘sand’ 瞎 /ɕa55/ ‘shrimp’ shop /ʃɑp/ 
啥 /ʂa35/ ‘what’ 轄 /ɕa35/ ‘govern’ shot /ʃɑt/ 
傻 /ʂa214/ ‘stupid’ 下 /ɕa51/ ‘below’  
煞 /ʂa51/ ‘suddenly’   
alveolar /s/ alveolar /s/ 
撒 /sa55/ ‘to tell (a lie)’ sob /sɑb/ 
撒 /sa214/ ‘to spread (seeds)’ sod /sɑd/ 
飒 /sa51/ ‘sound of wind’ sock /sɑk/ 

Table 3: Critical stimuli in the production experiment. 
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